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COMPLETE SPECIFICATION 

Heavy-Metal Salts of 2-Mercaptopyridine-l-Oxides and methods 

. of preparing same 

We, Olin Mathieson Chemical Cor- salts (as hereinafter defined) of 2-mercapto- 15 

poratioNj formerly Mathieson Chemical Cor- pyridine- 1 -oxides, I, in which the pyridine 

poratioa, a Corporation organized and existing nucleus may be substituted by a halogen atom 

under die laws of the State of Virginia, or by a lower alkyl or lower atkoxy group; 

5 United States of America, of 745 Fifth and (B) methods of preparing same. The 

Avenue, New York 22, New York, United terms " lower-alkyl n and c< lower-alkoxy," as 20 

States of America, do hereby declare the employed herein, mean radicals having from 

invention, for which we pray that a patent one to seven carbon atoms. 

. mav be granted to us, and the method by The salts of this invention are active 

*0 which it is to be performed, to be particu- against a wide group of microorganisms, as 

A larly described in and by the following states indicated by the following in vitro spectra 25 

ment: — (data on the antibacterial agent aspergillic 

This invention relates to and has for its acid being included for comparison), 
object the provision of: — (A) heavy-metal 

Table I 

ANTIBACTERIAL ACTIVITY 



MIC ^g/mL 



Salt of 2-mercapto-pyridine-l-oxide Staph. 209— P K. Pneura. BCG 



Cupric ------ — — 0.06 

Zinc 0.6 1 0.02 

Manganese - - - - - 0.15 2.5 0.015 

Ferrous 0.25 30 0.015 

Ferric 0.12 30 0.01 

Mercuric ------ 0.08 0.6 0.012 

Silver 0.08 1.5 0.01 

Antimonous 0.12 2 0.007 

Cobaltous 0.12 12 0.025 

Lead - 0.12 7 0.06 

Bismuth 0.15 1.5 0.01 



Aspergillic Acid 20 30 4 
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Additional in vitro tests show that a dosage 
of 10 ppm. of the iron, zinc, cobalt, lead or 
bismuth salt of the invention produces 100% 
inhibition of Aspergillus tiger; and the 

5 manganese, mercuric, silver, or antimony salt 
is . effective in even smaller concentrations. 
Tests of the aforenamed derivatives of this 
invention (and of the copper salt) show that 
total inhibition of Chaetomum gldbosum, 

10 Myrothedum B verruceria, and Aspergillus 
terreus results when the derivatives are pre- 
sent in concentrations, of 2.5 ppm. or less, 
S.OppnL or less, and 10 ppm. or less, respec- 

15 ^Smce the derivatives of this invention 
possess broad antibacterial and antifungal 
spectra, they are utilizable in agriculture against 
plant diseases (for example, against Perono- 
spora growing on grapevine), as preservatives 

20 (for example, in leather, paper, and prints), 
and (especially) in plastics and fabrics to 
render them proof against mildew or other 
fungus attack. In the protection of fabrics 
(for example) with the derivatives of this in- 

25 vention, the derivative may be applied to, and/ 
or incorporated in, the fabric in a number of 
ways* For example, the fabric may be im- 
pregnated with the derivatiye or one of the 
moieties thereof (as explained hereinafter), 

30 inter alia, by soaKng or spraying. 'Thus the 
fabric may be impregnated with a 2-mercapto- 
pyridine- 1-oxide CD or a water-soluble salt 
thereof, by soaking it in a # solution thereof; 
and the impregnated fabric is then treated 

35 with a solution of the salt of die desired 
heavy-metal and an acid; and the reverse of 
this procedure can also be used. Preferably, 
however, the fabric is*- successively treated 
whit axr aqueous solution of an alkali-metal 

40 salt of I, and with a water-soluble heavy- 
metal salt. 

The derivatives of die invention are also 
valuable chemotherapeutic agents, inter alia, 
as fungicides in the treatment of Dermato- 

45 phytosis pedis. For this purpose, a^ cupric 
derivative of 2-mercaptopyridine-l-oxide, for 
example, would be employed with a suitable 
inert carrier, diluent or base, e.g. starch, talc, 
magnesium silicate or other carrier to form a 

50 dusting powder. When it is desired to em- 
ploy the derivatives in the form of ointtnents, 
the derivative (for example, the zinc deriva- 
tive of 2-mercaptopyridine-l-oxide) is incor- 
porated in a suitable ointment base (for ex- 

55 ample, a conventional hydrophilic ointment 
base). 

The salts of this invention may be prepared 
by a method which comprises interacting a 
2-mercaptopyridine-l-oxide (I), preferably a 

60 water-soluble salt thereof (e.£. an alkali metal 
salt such as sodium or potassium salt thereof, 
or ammonium salt thereof), with a water- 
soluble salt of an acid and the desired heavy- 
metal (II) in a solvent for the reactants and 

65 recovering the required heavy-metal salt of 



the reaction product. (When reactant I is a 
2-mercaptopyridine-l-oxide per se the solvent 
is preferably alcohol, cf. Example 15; and an 
aqueous solution is used when the 2-mer- 
captopyridine-l-oxide reactant is in a water- 70 
soluble salt form.) An aqueous solution of 
each reaction may be used. Reactant I may 
be in tautomeric equilibrium with the cor- 
responding N-hvdroxy-2-pyridinethione. This 
tautomerism will not be alluded to herein- 75 
after, it being understood that such tautomeric 
form i.e. N-hydro^-2-pyridinethione) is in- 
cluded when referring to the compounds of 
this invention by a name such as 2-mercapto^ 
pyridine-l-oxide. * 80 

Examples of the utilizable compounds I in- 
clude the following (inter alia) and water- 
soluble salts thereof: 2-mercaptopyridine-l- 
oxide, 3 (4, 5 or 6)-ethoxy-2-mercapto- 
pyridine- 1-oxide, 2-mercapto-3 (4, 5, or 6> 85 
methylpyridine-l-oxide, 2-mercapto-3 (4, 5 
or 6>methoxypyridine- 1-oxide, 3 (or 5)- 
bromo-2-mercaptopyridine-l-oxide^ 2-mer- 
capto-3 (4> 5 or 6>^!hylpyridine-l-oxide, 3 
(or 5)-chloro-2-merc»ptopyridine^l-oxide, 3, 90 
(4, 5 or 6)-butoxy-2-mercaptopyridine- 1- 
oxide. (See for example, J.A.QS. 72:4362 
for preparation of substituted 2-mercapto- 
pyridine- 1-oxides). 

-The heavy^metal salt reactants (H) utiliz- 95 
able in the practice of this invention include 
salts in which the heavy-metal group is (inter 
alia) copper, iron, manganese, tin, mercury, 
cobalt, chromium, arsenic, antimony, lead, - nn 
gold, cadmium, nickel, silver, bismuth, and 
zinc (the term heavy-metal, as employed 
herein and in the appended claims, include 
the heavy metals and amphoteric metals, such 
as arsenic, having a specific gravity greater lf)5 
than four* The reactants II may be (inter u 
alia) nitrates, acetates, sulphates, and (prefer- 
ablv) halides. 

The following examples are illustrative of, 
but not limitative of, the invention. nn 
Example 1 iAU 

Preparation of the Manganese Salt of 2- 
mercaotopyridine-l-oxide 

A solution of 0.99 g. (0.005 M.) manganese 
chloride tetrahvdrate in 50 cc. of water is 11C 
added to a solution of 1.27 g. (0.01 M.) 2- 10 
mercaptopvridine-l-oxide in 10 cc. of normal 
sodium hvdroxide. The desired oroduct, a 
vellow solid* precinitates immediately and is 
filtered, washed with water, alcohol, and 
ether, and is air-dried. Weight about 1.3 g. 

Example 2. 
Preparation of the Nickel Salt of 2-mercapto- 
pvrid foe- 1-oxide 

\ solution of 1.18 g, (0.005 M/) nickel 125 
chloride hexahvdrate in 50 cc. wpter is added 
to a solution of 1.27 p. C0.01 M.) 2-mercanto- 
oyridine- 1-oxide in 10 cc. normal sodium 
hvdroxide. The desired product, a brown 
solid, precipitates immediately, and is filtered, T ~ n 
washed with water, alcohol, and ether, and is wu 
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air-dried. Weight about 1.26 g. 

Example 3 * 
Preparation of the Ferric Salt of 2-mercapto- 
pyridine- 1-oxide . . 
A solution of 135 g. (0.0033 Ml) of ferric 
nitrate in 50 cc water containing approxi- 
mately 10 cc. 10% HNO s is added to a solu- 
tioh of 1.27 g. (0.01 M0 2-mercaptopyridine- 
1-oxide in 10 cc. of N NaOH. The desired 
product, a blue solid, precipitates immedi- 
ately, and is filtered, washed with water, 
alcohol, and ether and air-dried. Weight 
about 1*33 g. 

" s "^--. Example 4 
Preparation of the Ferrous Salt of 2-mercapto- 
p yridine- 1-oxide . 
A solution of 0.$5-rg. (0.005 M.) FeS0 4 
(86%) in 50-cc water containing 15 cc. 10% 
HaSO , is added to a solution of 1.27 g. (0.01 
..M) 2-mercaptopyridkie^ 1-oxide in" 10 cc. 
normal sodium hydroxide. The desired pro- 
duct, a green solid, "precipitates, .* and is 
filtered, washed with water, alcbhoL and ether 
and air-dried. Weight about 1.15 g." 

Example 5 - ' 
Preparation of the Mercuric Salt oV2r- 

ntercaptopyridine^l-^dxide 
A solution ot L59.^.:(alK)5- M.) of mer- 
curic acetate in 50 cc. water is added ~to-"-a- 
sohition of 1.27 g. (0.01 At) 2-mercapto- 
pyridine- 1-oxide in 10 cc normal sodium 
hydroxide. The desired product, a white 
solid, precipitates, and is filtered, washed^ with 
. water, alcohol, and . ether and .air-dried. 
Weight about 2.13 g. - 

Example. 6 . . 
Preparation of the Mercurous Salt of..?- 

mercaptopyridine- 1-oxide 
A solution of 2.8 g. (0.01 M.) H^NO..H,0 . 
in 50 cc. water containing approximately- 15 
cc. 10% HN0 3 is added tp a solution of 1.27 
g. (0.01 M.) 2-mercantOTjvridine-lr<)xide in 
10 cc normal sodium hydroxide. The desired 
product, a. grey solid, ._ precipitates, . and is 
filtered, washed with water, alcohol, and _ ether 
and air-dried. Weight, about 2.67 g. 

Example 7 
Preparation of the Silver . Salt of 2-mercapto- 

pyridine-l-oxide . . . 

. A solution of L69 g. Y0.01 M.) silver 
nitrate in 50 cc water is added .to a solution ^ 
of 1.27 g. (0.01 MA 2-merx^otoDvridihf-l-" " 
oxide in 10 cc sodium, hv^roxide.- Tne 
desired product, a white solid, . forms,, and is 
filtered, washed with water, alcohol and ether 
and air-dried. Weight about 2.41 g. 

Example. 8 . . 
Preparation of the Auric .Salt of 2-mercapto- 

. pvridiue-i-Gxide 
. A solution of 3L03. sr. .fO.Ol M.) auric 
chloride in. 50 cc water is added to. a solution 
of 3.81 g. (0.03 M.y. 2-mer<^toi)vridine-l- 
oxide in 30. cc normal sodium hydroxide. 
The desired salt which precipitates is filtered, 
washed with water, alcohol, ether and.air- 



driecL 

"Example 9 
Preparation; of the: Antimony Salt of 2-mer- 
- captopyridine- 1-oxide 
A solution of 0.76 gi (0.0033^ ML) of anti^ 70 
mony trichloride in 50 cc. water - containing 
approximately 15 cc 20% HC2 is added to a 
solution of 1.27 g. (0.01 r M-) 2-mercaptpr 

gyridine- 1-oxide in 10 cc normal sodium 
ydroxide. The desired "product, a white 75 
solid, precipitates immediately, and is filtered, 
washed with, wafer, alcohol, and ether and 
air-dried: Weight about 1.3 g. (It uppears 
from analysis that 2 moles of 2-mercapto- 
pyridine-l-oxide react with one mole of -the 80 
antimony compound.) The product : is-be- 
lieved to have the following f ormula : : •■ 



QH 



r 




'(The bismuth and arsenic salts are believed 
to have corresponding structure.) 

Example 10 - 
Preparation of "the Antimony Sahf of z-mer- 
JcapaSpyridn^ljHQxide 

"A solution of 2.99 g. (0.61 M;)~5Fant&Kiny 
pentachloride in 100 cc water containing 
approximately 50 cc of 20% HC1 is added to 
a solution of 6.35 g. (0.05 M.) 2-niercapto- 
pyridine-l-pxide in 50 cc. normal sodium 
Jtydroxide. * The desired salt which "pre- 
cipitate? is filtered,* washed/ "with * water, 
alcohol^ ether and air-dried. 

The product is believed to. have ihe fol- 
lowing formula: **" 



sb«e- 
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Example 11 
Preparation of the Cobaltous Salt of 2-mer- 
captopyridine-l-oxide 
A solution of 1.56 g. (0.005 M.) Co(N0 3 ) 3 . 
6H a O in 50 cc water is added to a solution of 
1.27 g. (0.01 M.) 2-mercaptopyridine- 1-oxide 
in 10 cc normal sodium hydroxide. The 
desired product, a gold-coloured solid, pre- 
cipitates, and is filtered, washed with water, 
alcohol and ether and air-dried. Weight about 
1.35 g. 

Example 12 
Preparation of the Lead Salt of 2-mercapto- 
pyridine- 1-oxide 
A solution of 1.66 g. (0.005 M.) lead 
nitrate in 5Q .cc; water is added to a solution 
of 1.27 g. (j)X)l M.) 2-mercaptopyridine-l- 
oxide in 10 cc normal sodium hydroxide. The 
desired product, a pale yellow solid, pre- 
cipitates, and is filtered, washed with water, 
alcohol and ether and air-driecL Weight about 
1.88 g. 

Bxamp^k 13 
Preparation of the Bismuth Salt of 2-mer- 

A MhttioiLaf lfoT^a0033^L) Bi(N0 3 ) 3 . 
SHjO in 50 cc water containing 15 cc. 10% 
HNO s is added to a solution of 1.27 g. (0.01 
At.). 2-mercaptopyridine-l-oxide in 10 cc. 
normal sodkuxr hydroxide. The-desired -pro- 
duct, a light yellow solid, precipitates, and is 
filtered, washed with water, alcohol, and ether 
and air-dried. Weight about 1.69 g. 
Example 14 

Preparation of the Arsenic Derivative of 
2-mercaptopyridine- 1-oxide 

A solution of 1.81 g. (0.01 M.) arsenic tri- 
chloride in 50 cc water containing approxi- 
mately 20 cc 20% HQ is added to a solution 
of 3.81 g. (0.03 M.) 2-mercaptopyridine-l- 
oxide in 30 cc normal sodium hydroxide. 
The desired product which precipitates is 
filtered, washed with water, alcohol, ether and 
air-dried. 

Example 15 
Preparation of the Cupric Salt of 2-mercapto- 
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A solution of 1.27 g. (0.01 M.) 2-mercapto- 
pyridine-l-oxide in 15 cc alcohol is added to 

50 a solution of 1.25 g. (0.005 M.) CuS0 4 .5H 2 0 
in 100 cc. water. The desired product, a 
dark green precipitate, forms immediately, 
and is filtered, washed with water, alcohol, 
and ether. Weight about 1.3 g. 

55 Example 16 

Preparation of the Zinc Salt of 2-mercapto- 
pyr idine- 1-oxide 
A solution of 1.27 g. (0.01 M.) 2-mercapto- 
pyridine-l-oxide in 15 cc. alcohol is added to 

60 a solution of 1.44 g. (0.005 M.) ZnS0 4 .7H 2 0 
in 150 cc. water. The desired product, a 
white precipitate, forms immediately, and is 
filtered, washed with water, alcohol, and ether 
and air-dried. It weighs about 1.3 g. 

65 Using molar equivalents of 2-mercapto-6- 



methylpyridine-l-oxide or 5-bromo-2-mer- 
captopyridine-l-oxide in place of 2-mercapto- 
pyridine-l-oxide in Example 13, yields the 
zinc salts of the corresponding 6-methyl and 
5-bromo substituted compounds. 70 

Example 17 
Preparation of the Cadmium Salt of 2-mer- 
captopyridine-l-oxide 

A solution of 1.83 g. (0.01 M.) cadmium 
chloride in 50 cc. water is added to a solution 75 
of 2.54 g. (0.02 M.) 2-mercaptopyridine-l- 
oxide in 20 cc normal sodium hydroxide. 
The desired salt which precipitates is filtered, 
washed with water, alcohol, ether and air- 
dried. 80 

What we claim is : — 

1. A heavy-metal (as hereinbefore defined) 
salt of 2-mercaptopyridine-l-oxide, in which 
the pyridine nucleus may be substituted by a 
halogen atom or by a lower alkyi or lower 85 
alkoxy group (as hereinbefore defined). 

2. A method of producing a heavy metal 
salt as claimed in Claim 1, which comprises 
interacting 2-mercap topyridine- 1-oxide, in 
which the pyridine nucleus may be sub- 90 
stituted by a halogen atom or by a lower alkyi 

or lower alkoxy group (as hereinbefore de- 
fined) or a water-soluble salt thereof, with a 
water-soluble salt of an acid and the desired 
heavy-metal, in a solvent for -the reactants, 95 
and recovering the heavy metal salt thus 
formed. 

3. A method as claimed in Claim 2, where- 
in the 2-mercaptopyridine-l-oxide is an 
alkali-metal salt of a 2-mercap topyridine- 1- 100 
oxide, in which the pyridine nucleus may be 
substituted by a halogen atom or by a lower 
alkyi or lower alkoxy group (as hereinbefore 
denned). 

4. A method of producing a heavy metal 105 
salt as claimed in Claim 1, which comprises 
interacting an aqueous solution of an alkali- 
metal salt of a 2-mercaptopyridine-l-oxide, in 
which the pyridine nucleus may be sub- 
stituted by a halogen atom or by a lower alkyi no 
or lower alkoxy group (as hereinbefore de- 
fined), with an aqueous solution of a heavy- 
metal salt of an acid, and recovering the 
heavy-metal salt thus formed. 

5. A fabric impregnated with a heavy- 115 
metal (as hereinbefore defined) salt of a 2- 
mercaptopyridine-l-oxide, in which the pyri- 
dine nucleus may be substituted by a halogen 
atom or by a lower alkyi or lower alkoxy 
group (as hereinbefore defined). 120 

6. The method of treating fabrics which 
comprises impregnating the fabric with a 
heavy-metal (as hereinbefore defined) salt of 
a 2-mercaptopyridine-l-oxide, in which the 
pyridine nucleus may be substituted by a 125 
halogen atom or by a lower alkyi or lower 
alkoxy group (as hereinbefore denned). 

7. The method of treating fabrics with a 
heavy-metal (as hereinbefore defined) salt of a 
2-mercaptopyridine^l-oxide, which comprises 130 
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impiregnating the fabric with a 2-mercapto- 
pyrid£ae-l-oxide 3 in which the pyridine 
nucleus may be substituted by a halogen atonx 
or by, a lower alkyl at lower alkoxy group (as 
hereinbefore defined), or a water-soluble salt 
thereof, by soaking the fabric in a solution of 
the aforesaid oxide, and subsequently treating 
the fabric with a solution, pf a -water-soluble 
heavy-metal salt of an acid 

8. The method- as claimed in Claim 7, 
wherefcr*an aqueous solution .of _an alkali- 
metal salt JZ^mercaptopyridine-l-oxide and 
of the water-sofiible. heavy-metal salt of an 
acid is used. 

9. A fungicidal f>lant protective prepara- 
tion comprising an thetf diluent ahd^ as a 



fungicidal agent, a "heavy-metal (as herein- 
before defined) salt of a 2-mercaptopyridiae- 
1-oxide^ in which the pyridine nucleus may 
be substituted by a. halogen atom or by a 
lower alkyl or lower alkoxy group (as herein- 
before denned), . ... 

10. A method of producing a heavy-metal 
salt of 2-mercaptoDyridine-l-oxide . substan- 
tially as herein described. 

Dated, this 19th day of May, 1954. 

Agents for tie Applicants, - 
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